Several transcranial magnetic stimulation (TMS) measures of interhemispheric transfers are thought to be mediated mainly by transcallosal pathways [1e4] . Ipsilateral silent period (iSP) is the suppression of motor output by TMS of the ipsilateral primary motor cortex (M1). iSP is absent or delayed in patients with corpus callosum (CC) abnormalities, including agenesis of the corpus callosum (ACC) [1, 3] . Interhemispheric inhibition (IHI) is studied with paired-pulse bilateral M1 TMS using short (SIHI) or long (LIHI) interstimulus intervals [2] . SIHI was reportedly normal in one AAC patient [5] but LIHI has not been studied in ACC.
iSP, SIHI and LIHI are intact in Parkinson's disease (PD) [6e8]. However, iSP duration was longer when the more affected hemisphere was stimulated compared to the less affected hemisphere [6] . Levodopa can restore this interhemispheric iSP difference [7] . Furthermore, iSP area and LIHI might be reduced in PD patients with mirror movements [7, 8] . Interestingly, resting and postural PD tremors have been reset by both contralateral and ipsilateral M1 TMS [9, 10] .
We conducted bilateral iSP, SIHI, LIHI and tremor reset studies in a patient with complete ACC and asymmetric PD. Our objective was to evaluate the role of the CC in measures of interhemispheric inhibition and how they may be affected in PD. We tested whether SIHI and LIHI may be affected differently in ACC and whether PD tremor reset by ipsilateral M1 TMS requires CC transmission.
After obtaining informed consent, we performed TMS studies following overnight dopaminergic medication withdrawal (OFF state), and repeated these studies 60 minutes after 250 mg of oral levodopa/carbidopa intake (ON state) in a 55-year-old lefthanded woman with ACC and PD ( Fig. 1 ). She had right-sided stiffness and slowness for 8 years and left-sided tremor for 2 years. Her motor symptoms were levodopa-responsive and asymmetric (right-sided akinetic-rigid syndrome and left-sided tremor). She did not have mirror movements (confirmed with surface EMG). We also performed tremor reset studies in the OFF state in another 53-year-old woman with 9 years of tremor-predominant PD.
TMS was performed using Magstim-200 stimulators (Magstim, Whitland, UK) and 70-mm figure-of-eight coils. TMS was delivered to the M1 representation of the first dorsal interosseous muscle (FDI) for all studies except tremor reset.
For iSP, TMS was applied at either 75% or 100% of maximal stimulator output (MSO) while the subject maintained 50% maximum contraction of the ipsilateral FDI. The EMG recordings were DC subtracted, rectified and averaged. The pre-stimulus period was defined as 100 ms preceding the stimulus. iSP was considered to be present if post-stimulus EMG activity fell 1 SD below the mean pre-stimulus activity for more than 5 ms [2] . iSP onset and offset were determined by visual inspection.
For IHI, a 70-mm figure-of-eight coil was placed over each M1 to induce current in the brain in the posterior-anterior direction while the patient relaxed both FDI muscles. Conditioning stimuli were set at 75% MSO. The test stimuli intensity for the opposite M1 was set to evoke 1 mV motor evoked potentials (MEPs) in the contralateral FDI. Interstimulus intervals of 10 ms (SIHI) and 40 ms (LIHI) were used. Twelve trials of unconditioned MEPs and 12 trials of conditioned MEPs were collected for each FDI in random order. The MEP amplitudes of conditioned pulses were expressed as percentages of unconditioned MEPs. Inhibition was present if conditioned MEP amplitudes were significantly less than unconditioned MEP amplitudes (unpaired t-tests, p < 0.05) [2] .
Resting and postural tremor reset was tested as previously reported [10] . TMS was applied to the M1 representation of the flexor carpi radialis muscle (FCR) muscle. A tri-axial accelerometer was attached to the second metacarpophalangeal joint and surface EMG recorded from the FCR muscle. The timing of EMG tremor bursts relative to TMS and the tremor reset indices were calculated for the first 5 tremor bursts following TMS. Tremor reset was considered present if the index (slope) was different than zero [9, 10] .
The figure depicts the results of iSP, IHI and tremor reset studies and the supplementary table presents the values obtained from the patient compared to reference data. This is the first study that tested LIHI in a patient with ACC. Moreover, previous studies did not test iSP and SIHI in the same ACC patient. iSP and IHI are thought to be mediated by transcallosal inhibitory pathways because they were absent or delayed in patients with abnormalities of the posterior half of the CC [1, 3, 4] . The prolonged latency and decreased EMG suppression in our patient with complete ACC (Fig. 1 ) support a role of the CC in mediating iSP. However, the presence of iSP suggests that non-callosal pathways may also be involved [11] .
The absent SIHI in our patient suggests that callosal pathways are necessary for shorter-latency interhemispheric transfer. In contrast, LIHI presence suggests it may be mediated by non-callosal pathways. These findings are consistent with previous work that posited SIHI and LIHI are mediated by different mechanisms [2] . PD-related M1 hyperexcitability, reduced by levodopa, might explain the SIHI facilitation observed when stimulating the more affected hemisphere in the OFF state compared to the ON state.
In our patient, MRI revealed a possibly enlarged anterior commissure ( Fig. 1 ). Neuroimaging studies have demonstrated increased interhemispheric commissural tracts in ACC [5, 12] . Thus, other interhemispheric pathways such as thalamic, anterior and posterior commissures might be accessed during development to mediate interhemispheric transfers to compensate for ACC. The availability of different non-callosal interhemispheric pathways, possibly affected by PD pathophysiology in our patient, could explain discrepancies with previous studies showing lack of iSP and preserved SIHI in other non-PD patients with CC abnormalities [1e5] .
Previous studies showed that resting and postural tremors in PD are reset by contralateral and ipsilateral TMS [9, 10] , and we confirmed this observation in a control PD patient. The absence of ipsilateral tremor reset in our patient suggests that ipsilateral tremor reset in PD involves transmission through the CC.
In conclusion, non-callosal pathways may mediate iSP and LIHI. SIHI and interhemispheric tremor reset in PD require transmission through the CC. . Short latency interhemispheric inhibition (SIHI) was absent bilaterally in both medication states and there was facilitation with R M1 stimulation in the medication OFF compared to the ON state (E, F). Long latency interhemispheric inhibition (LIHI) was present bilaterally in both medication states (F). Resting and postural tremors were reset by contralateral but not by ipsilateral M1 stimulation (G). In a control patient with PD, both resting and postural tremors were reset by both contralateral and ipsilateral M1 stimulation (H). The lines in (G) and (H) depict the corresponding tremor reset slopes. Tremor reset was considered present when a slope was different from zero as previously reported [10] .
